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ABSTRACT
We calculate the O(αewm
2
t(b)/m
2
W
) and O(αewm
4
t(b)/m
4
W
) supersymmetric elec-
troweak corrections to the process H+ → W+h in the Minimal Supersymmetric
Model. These corrections arise from the virtual effects of the third family (top and
bottom) quaurks and squarks (top-squark and bottom-squark). We find that for
mH+ > 200GeV at low tanβ(≤ 3), the corrections can increase the tree-level decay
widths and the branching radios more than 20% and 40%, respectively.
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1. Introduction
The minimal supersymmeytic standard model(MSSM) takes the minimal Higgs
structure of two doubles[1], which predicts the existence of three neutral and two
charged Higgs bosons h,H,A, and H±. When the Higgs boson of the Standard
Model(SM) has a mass below 130-140 Gev and the h boson of the MSSM is in the de-
coupling limit (which means that H+ is too heavy anyway to be possibly produced),
the lightest neutral Higgs boson may be difficult to distinguish from the neutral Higgs
boson of the standard model(SM). But charged Higgs bosons carry a distinctive sig-
nature of the Higgs sector in the MSSM. Therefore, the search for charged Higgs
bosons is very important for probing the Higgs sector of the MSSM and, therefore,
will be one of the prime objectives of the CERN Large Hadron Collider(LHC). In
fact, in much of the parameter space preferred by MSSM, namely MH± > MW±
and 1 < tanβ < mt/mb[2,3], the LHC will provide the greatest opportunity for the
dicovery of H± particles. Previous studies [4,5] have shown that the dominante de-
cay modes of the charged Higgs boson are H+ → t + b¯ with mH± > mt + mb and
H+ → τ+ν. However, recent analyses[6,7] indicate that the altermative decay chan-
nel H+ → W+h0 could be very important. In fact, its branching ratio can be rather
large, competing with the top-bottom decay mode and overwhelming the tau-neutrino
one for MH± ≥ mt at low tan β[7]. Thus an more accurate calculation of the decay
mechanisms is also necessary to provide a solid basis for experimental analysis of ob-
serving H+ → W+h0 at the LHC. In Ref.[6], R. Santos et al. calculated the top quark
loops corrections to the decay width of the process H+ → W+h0 in the framework
of the two-Higgs doublet model for some reasonable choice of the free parameters
and found that such corrections can be as large as 40%. In this letter, we present
the calculation of the O(αewm
2
t(b)/m
2
W ) and O(αewm
4
t(b)/m
4
W ) supersymmetric(SUSY)
electroweak(EW) corrections to this process in the MSSM. These corrections arise
from the virtual effects of the third family (top and bottom) quaurks and squarks
(top-squark and bottom-squark). We will give attention manily to these corrections
in parameter range tanβ ≤ 3 and mH+ > 200 GeV, where the H+ → W+h0 decay
2
rate is significant.
2. Calculations
Feynman diagrams contributing to supersymmetric electroweak corrections to
H+ → W+h are shown in Fig.1 and 2. We carried out the calculation in the t’Hooft-
Feynman gauge and used dimensional reduction, which preserves supersymmetry, for
regularization of the ultraviolet divergences in the virtual loop corrections using the
on-mass-shell renormalization scheme[8], in which the fine-structure constant αew and
physical masses are chosen to be the renormalized parameters, and finite parts of the
counterterms are fixed by the renormalization conditions. The coupling constant g is
related to the input parameters e, mW , and mZ via g
2 = e2/s2w and s
2
w = 1−m2W /m2Z .
As far as the parameters β and α, for the MSSM we are considering, they have to be
renormalized, too. In the MSSM they are not independent. Nevertheless, we follow
the approach of Mendez and Pomarol[9] in which they consider them as independent
renormalized parameters and fixed the corresponding renormalization constants by
a renormalization condition that the on-mass-shell H+l¯νl and hl¯l couplings keep the
forms of Eq.(3) of Ref.[9] to all order of perturbation theory.
The relevant renormalization constants are defined as
m2W0 = m
2
W + δm
2
W , m
2
Z0 = m
2
Z + δm
2
Z ,
tan β0 = (1 + δZβ) tanβ,
sinα0 = (1 + δZα) sinα,
W±µ0 = (1 + δZW )
1/2W±µ + iZ
1/2
H±W±∂
µH∓,
H±0 = (1 + δZH±)
1/2H±,
H0 = (1 + δZH)
1/2H + Z
1/2
Hhh,
h0 = (1 + δZh)
1/2h + Z
1/2
hHH. (1)
Taking into account the O(αewm
2
t(b)/m
2
W ) and O(αewm
4
t(b)/m
4
W ) SUSY EW cor-
rections, the renormalized amplitude for H+ →W+h can be written as
Mren = M0 + δM, (2)
3
where M0 is the tree-level amplitude arising from Fig.1(a), which is given by
M0 = −ig
2
cos(β − α)pµεµ(k). (3)
Here p is the momentum of the incoming charged higges Boson, and k is the momen-
tum of the outgoing W+ Boson. δM represents the SUSY EW corrections, which is
given by
δM = −ig
2
cos(β − α)pµεµ(k)[δg
g
− tan(β − α)(cosβ sin βδZβ − tanαδZα)
+
1
2
(δZH+ + δZh + δZW )− tan(β − α)δZ1/2Hh ]
+igmW sin(β − α)Z1/2HWpµ + i
4∑
j=1
Λjp
µεµ(k), (4)
with
δg
g
=
δe
e
+
1
2
δm2Z
m2Z
− 1
2
δm2Z − δm2W
m2Z −m2W
,
δZβ = −δg
g
+
1
2
δm2W
m2W
− 1
2
δZH+ − mW
tanβ
Z
1/2
HW ,
δZα = −δg
g
+
1
2
δm2W
m2W
− 1
2
δZh − cotαZ1/2Hh − sin2 βδZβ. (5)
Here Λj(j = 1-4) are the vertex form factors coming from Fig.1(b)-(e). The δe/e
appearing in Eq.(5) does not contain the O(αewm
2
t(b)/m
2
W ) corrections and needs not
be considered in our calculations.
Calculating the self-energy diagrams in Fig.2, we can get the explicit expressions
of all the renormalization constants as following:
δm2W =
g2
16pi2
{(m2b −m2t )(1 +
m2b −m2t − 2m2W
2m2W
B0bt0 )− 2m2tB0tt0
− 1
2m2W
[(m2b −m2t )2 + (m2b +m2t )m2W ]BWbt0 },
δZW =
g2
32pi2m2W
{(m
2
b −m2t )2
m2W
(B0bt0 −BWbt0 ) + [(m2b −m2t )2
+(m2b +m
2
t )m
2
W ]B
′Wbt
0 },
δm2Z =
g2s2W
18c2Wpi
2
[
m2b
2
(3− 2s2W )(BZbb0 +B0bb0 )−m2t (3− 4s2W )(BZtt0 − B0tt0 )]
+
g2
32c2Wpi
2
[m2b(B
Zbb
0 − 2B0bb0 )−m2t (BZtt0 + 2B0tt0 )],
4
δZH+ =
3
16pi2
[2(h2tβ
2
11 + h
2
bβ
2
21)(B
H+bt
1 +m
2
bB
′H+bt
0 +m
2
H+B
′H+bt
1 )
−4hbhtmbmtβ11β21B′H+bt0 +
∑
i,j,i′,j′
(θbii′)
2(θtjj′)
2(hbΘ
5
i′j′1 + htΘ
6
i′j′1)
2B
′H+b˜i t˜j
0 ],
δZh =
3
16pi2
{2h2tα211(Bhtt1 + 2m2tB
′htt
0 +m
2
hB
′htt
1 ) + 2h
2
bα
2
21(B
hbb
1
+2m2bB
′hbb
0 +m
2
hB
′hbb
1 ) +
∑
i,j,i′,j′
[(htθ
t
ii′θ
t
jj′Θ
1
i′j′1)
2B
′ht˜i t˜j
0
+(hbθ
b
ii′θ
b
jj′Θ
2
i′j′1)
2B
′hb˜ib˜j
0 ]},
ZH+W =
−3g
16
√
2pi2m2H+m
2
W
[(htmtβ11 + hbmbβ12)((m
2
b −m2t )(B0bt0 − BH
+bt
0 )−m2H+BH
+bt
0 )
+
∑
i,j,i′,j′
θbi1θ
b
ii′θ
t
j1θ
t
jj′(hbΘ
5
i′j′1 + htΘ
6
i′j′1)(m
2
t˜j
−m2
b˜i
)(B
0b˜i t˜j
0 −BH
+b˜i t˜j
0 )],
Z
1/2
Hh =
3α11α12
16pi2(m2H −m2h)
[2m2b(1 +B
0bb
0 + 2B
hbb
0 )− 2m2t (1 +B0tt0 + 2Bhtt0 )
−m2h(Bhbb0 − Bhtt0 )]
+
3
16pi2(m2H −m2h)
∑
i,j,i′,j′
[(hbθ
b
ii′θ
b
jj′)
2Θ2i′j′1Θ
2
i′j′2B
hb˜i b˜j
0 + (htθ
t
ii′θ
t
jj′)
2Θ1i′j′1Θ
1
i′j′2B
ht˜i t˜j
0 ]
− 3α11α12
16pi2(m2H −m2h)
∑
i
[h2bm
2
b˜i
(1 +B0b˜i b˜i0 ) + h
2
tm
2
t˜i
(1 +B0t˜i t˜i0 )],
(6)
with
Bijkn = (−1)n{
∆
n+ 1
−
∫ 1
0
dyyn ln [
m2i y(y − 1) +m2j(1− y) +m2ky
µ2
]}, (7)
B
′ijk
n = (−1)n
∫ 1
0
dy
yn+1(1− y)
m2iy(y − 1) +m2j (1− y) +m2ky
. (8)
Here hb ≡ gmb/
√
2mW cos β and ht ≡ gmt/
√
2mW sin β are the Yukawa couplings
from the bottom and top quarks, respectively. The notations θtij , θ
b
ij , αij , βij, ϕij and
Θnijk used in the above expressions are defined in Appendix A.
Calculating the diagrams in Fig.1(b)-(e), we can get the explicit expressions of the
vertex form factors Λj(j = 1-4) as following:
Λ1 = −3ghb
16pi2
sinα{hb sin β(BH+bt0 − BH
+tb
1 ) + [−htmbmt cos β(C0 + 2C2)
−2hb sin βC00 + hbm2b sin β(C0 − 2C2)− hbm2H+ sin β(C12 + 4C22)
+hbm
2
h sin β(C12 + 2C22) + hbm
2
W sin β(C1 − 3C12
5
−4C22)](m2W , m2H+ , m2h, m2b , m2t , m2b)},
Λ2 =
3ght
16pi2
cosα{ht cos β(−BH+bt0 +BH
+bt
1 ) + [hbmbmt sin β(C0 + 2C2)
+2ht cos βC00 − htm2t cos β(C0 − 2C2) + htm2H+ cos β(C12 + 4C22)
+htm
2
h cos β(C12 + 2C22)− htm2W cos β(C1 − 3C12
−4C22)](m2W , m2H+ , m2h, m2t , m2b , m2t )},
Λ3 =
3ghb
8
√
2pi2
∑
ijk
∑
i′j′k′
θbi1θ
b
ii′(θ
t
jj′)
2θtk1θ
t
kk′Θ
2
i′j′1(hbΘ
5
j′k′1 + htΘ
6
j′k′1)
×C2(m2W , m2H+ , m2h, m2b˜i, m2t˜k , m2b˜j ),
Λ4 = − 3ght
8
√
2pi2
∑
ijk
∑
i′j′k′
θbk1θ
b
kk′θ
t
i1θ
t
ii′(θ
t
jj′)
2Θ1j′i′1(hbΘ
5
k′j′1 + htΘ
6
k′j′1)
×C2(m2W , m2H+ , m2h, m2t˜i , m2b˜k , m
2
t˜j
), (9)
where Ci and Cij are the three-point Feynman integrals[10].
The corresponding amplitude squared is
|Mren|2 = |M0|2 + 2Re(δMM †0 ). (10)
The renormalized decay width is given by
Γ(H+ →W+h) = Γ0(H+ → W+h) + δΓ(H+ →W+h)
=
1
16pim3H+
√
(m2h −m2H+ −m2W )2 − 4m2H+m2W |Mren|2. (11)
The tree-level branching ratio of H+ →W+h decay is
B0(H
+ →W+h) = Γ0(H+ →W+h)/Γ0(H+), (12)
where the tree-level total decay width Γ0(H
+) of the charged Higgs boson is approx-
imated by
Γ0(H
+) = Γ0(H
+ →W+h) + Γ0(H+ → tb) + Γ0(H+ → cs) + Γ0(H+ → τν). (13)
While calculating the one-loop branching ratio B(H+ → W+h), the QCD correc-
tions[11] to the H+ → tb width, δΓ(H+ → tb), are included into the total width
Γ(H+), but its leading EW corrections[12] are neglected since they are much smaller
than the QCD corrections:
B(H+ →W+h) = Γ(H+ → W+h)/Γ(H+) (14)
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with
Γ(H+) = Γ0(H
+) + δΓ(H+ →W+h) + δΓ(H+ → tb) (15)
3. Numerical results and conclusion
We now present some numerical results for the SUSY EW corrections to the
decay H+ → W+h. The SM input parameters in our calculations were taken to
be αew(mZ) = 1/128.8, mW = 80.375GeV and mZ = 91.1867GeV[13], and mt =
175.6GeV and mb = 4.7GeV. Other parameters are determined as follows
(i) The one-loop relations[14] between the Higgs boson masses Mh,H,A,H∓ and the
parameters α and β in the MSSM were used, and mH+ and β were chosen as the two
independent input parameters. As explained in Re[9], there is a small inconsistency
in doing so since the parameters α and β of Ref[14] are not the ones defined by
the conditions given by Eq.(Eq(3)) of Ref[9]. Neverthless, this difference would only
induce a higher order change[9].
(ii) For the parameters m2
Q˜,U˜,D˜
and At,b in squark mass matrices
M2q˜ =

 M
2
LL mqMLR
mqMRL M
2
RR

 (16)
with
M2LL = m
2
Q˜
+m2q +m
2
Z cos 2β(I
3L
q − eq sin2 θW ),
M2RR = m
2
U˜ ,D˜
+m2q +m
2
Z cos 2βeq sin
2 θW ,
MLR =MRL =

 At − µ cotβ (q˜ = t˜)
Ab − µ tanβ (q˜ = b˜)

 , (17)
to simplify the calculation we assumed MQ˜ = MU˜ = MD˜ and At = Ab, and we used
MQ˜, At and µ as input parameters except the numerical calculations as shown in
Fig.5(a)and (b), where we took mt˜1 , mb˜1 , At = Ab and µ as the input parameters.
Figure 3 shows the tree-level partial width are relatively large for low values of
tan β(= 1.5, 2) when mH+ > 200GeV .
7
In Figs.4(a) and (b) we present the SUSY EW corrections to the tree-level decay
widths and the braching radios as functions of mH+ for different values of tanβ,
respectively, assuming MQ˜ = Mt˜ = Mb˜ = 300GeV, At = Ab = 300GeV, and
µ = −100GeV. Figure 4(a) shows that the relative corrections increase the par-
tial width significantly at low tanβ, which can exceed 40% for tanβ = 1.5 and
30% for tanβ = 2, respectively. Fig.4(b) gives the tree-level branching ratios and
the branching ratios after including O(αewm
2
t(b)/m
2
W ) and O(αewm
4
t(b)/m
4
W ) SUSY
EW corrections for tanβ = 1.5 and 3, respectively. From Fig.4(b), we see that the
branching ratios are enhanced by the corrections, especially for mH+ > 300 GeV,
they can be increased by 50%. But the corrections to the branching ratios decrease
with an decrease of mH+ , especially for mH+ bellow 200 GeV, they become negligibly
small.
In Fig.5(a) and (b) we assumed MQ˜ = Mt˜, At = Ab = 500GeV, µ = 100GeV,
mt˜1 = 170GeV andmb˜1 = 200GeV. Fig.5(a) shows the relative corrections to the tree-
level widths as a function ofmH+ for tanβ = 1.5, 2, 6, 10 and 30. Comparing Fig.5(a)
with Fig.4(a), we see that the relative corrections are enhanced by the relatively light
squark masses in the case of heavy charged Higgs masses at low or high tan β. Fig.5(a)
also shows at low tanβ the corrections always increase the decay width , which can
exceed 50%, while at high tan β the corrections decrease the decay width significantly.
There are dips at mH+ = mt˜1 +mb˜1 = 370GeV due to the threshold effects. As shown
in Fig.4(b), Fig.5(b) shows the branching ratios are enhanced by the the SUSY EW
corrections for tanβ = 1.5 and 3, especially when mH+ > 300GeV.
In conclusion, we have calculated theO(αewm
2
t(b)/m
2
W ) andO(αewm
4
t(b)/m
4
W ) SUSY
EW corrections to the process H+ →W+h in the MSSM. In general, these corrections
increase the decay widths and the branching radios and are sensitive to both of tanβ
and the mass of the charged Higgs boson. For mH+ > 200GeV at low tanβ(≤ 3), the
corrections can increase the decay widths and the branching radios more than 20%
and 40%, respectively.
This work was supported in part by the National Natural Science Foundation of
8
China, the Doctoral Program Foundation of Higher Education of China, and a grant
from the State Commission of Science and Technology of China.
Appendix A
We present some notations used in this paper here. We introduce an angle ϕ = β−α,
and for each angle α, β, ϕ, θt or θb, we define
αij =

 cosα sinα
− sinα cosα

 , βij =

 cos β sin β
− sin β cos β

 , ϕij =

 cosϕ sinϕ
− sinϕ cosϕ

 ,
θtij =

 cos θ
t sin θt
− sin θt cos θt

 , θbij =

 cos θ
b sin θb
− sin θb cos θb


We define six matrix Θijkl(i = 1− 6) for the couplings between squarks and Higgses:
Θ1ij1 =
1√
2

 2mt cosα At cosα + µ sinα
At cosα + µ sinα 2mt cosα


Θ1ij2 =
1√
2

 2mt sinα At sinα− µ cosα
At sinα− µ cosα 2mt sinα


Θ2ij1 =
−1√
2

 2mb sinα Ab sinα + µ cosα
Ab sinα + µ cosα 2mb sinα


Θ2ij2 =
1√
2

 2mb cosα Ab cosα− µ sinα
Ab cosα− µ sinα 2mb cosα


Θ5ij1 =

 mb sin β 0
Ab sin β + µ cosβ mt sin β


Θ5ij2 =

 −mb cos β 0
−Ab cos β + µ sin β 0


Θ6ij1 =

 mt cos β At cos β + µ sin β
0 mb cos β


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Θ6ij2 =

 mt sin β At sin β − µ cos β
0 0


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Figure Captions
FIG. 1 Feynman diagrams contributing to supersymmetric electroweak corrections
toH+ →W+h: (a) is the tree-level diagram; (b)−(e) are the one-loop diagrams.
FIG. 2 Feynman diagrams contributing to the renormalization constants.
FIG. 3 The tree-level H+ →W+h decay widths.
FIG. 4 (a): The SUSY EW relative corrections to the H+ → W+h decay width;
(b): The branching ratio of the H+ →W+h decay, assuming MQ˜ = Mt˜ = Mb˜ =
300GeV, At = Ab = 300GeV, and µ = −100GeV. Logarithmic coordinate is
used in (b).
FIG. 5 (a): The SUSY EW relative corrections to the H+ → W+h decay width;
(b): The branching ratio of the H+ → W+h decay, assuming MQ˜ = Mt˜, At =
Ab = 500GeV, µ = 100GeV, mt˜1 = 170GeV and mb˜1 = 200GeV. Logarithmic
coordinate is used in (b).
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